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Abstract: The demand for gluten-free products is rising, but their production with similar quality
as their gluten counterparts is challenging. This study aimed to develop gluten-free bread samples
using different concentrations of Amorphophallus konjac flour (0%, 12.5%, 25%, 37.5%, and 50% of
the total flour content) and to evaluate their nutritional and physicochemical properties. Proteins,
lipids, carbohydrates, moisture, ash content, fibers, resistant starch, firmness, specific volume, and
color were evaluated using official methods. Protein varied from 2.95% to 4.94%, the energy value
from 347.93 to 133.55 kcal/100 g, dietary fiber from 8.19 to 17.90%, and resistant starch from 0.67% to
0.75% on wet basis. The addition of konjac flour positively influenced the specific volume. Higher
concentrations of konjac flour in the formulations led to lower calories of the bread due to the
significant addition of water to the dough. The bread samples with konjac showed high fiber content
due to the composition of the flour. They had lower levels of carbohydrates, which can positively
influence the glycemic index. Konjac flour provided dough mold, growth, and better texture for
gluten-free bread. The best formulations were prepared in concentrations up to 37.5% konjac. The
50% konjac bread showed slightly reduced specific volume and pale color.
Keywords: gluten-free; bread; Amorphophallus konjac; baking
1. Introduction
Due to the growing trend in consuming gluten-free products, the food industry has
sought to expand and diversify its production to meet this increasing demand [1]. The
gluten-free diet (GFD) has become popular since it is the only treatment for those who suffer
from gluten-related disorders (GRD) [2,3], and their relatives consume gluten-free products
to support the treatment and avoid food cross-contamination. Moreover, some individuals
without GRD have adhered to GFD, believing in GFD’s potential health benefits, despite
the lack of scientific evidence on it [2,4–7]. Therefore, about 10% of the world population
has adopted a GFD [8–11]. In this sense, the gluten-free food market is expected to grow
between 2019 and 2025, from US$ 3.73 billion to US$ 6.43 billion worldwide [12].
Among the gluten-free foods that make up the market’s largest share are bakery
products [12], bread being the most desired product by GRD people. However, producing
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gluten-free bread with similar characteristics to the traditional product becomes a techno-
logical challenge due to the absence of proteins forming the gluten network, with elasticity
and extensibility [8,13,14]. The absence of gluten in bread formulations, for example, results
in some qualitative problems, low volume, brittle texture, undesirable taste, and short
shelf life [15].
Foste et al. [16] claim that gluten-free products are high in starch and low in some nutrients,
and fiber and strategies are needed to balance them. Soluble fibers as beta-glucan, chitosan,
psyllium, and glucomannan have been studied as potential application in the gluten-free
bakery market with potentially positive effects on consumers’ health [17,18]. Glucomannan
is extracted from the tuber Amorphophallus konjac (a perennial plant from the subtropical
regions of South East Asia and Africa). It is used in Chinese medicine for detoxification, cancer
suppression, stasis of blood, treatment of asthma, cough, hernia, breast pain, and hematological
and skin disorders [19]. Due to its water absorption capacity and stability, it is considered a
source of hydrocolloidal dietary fiber. It has been used as a supplement to treat and prevent
excess weight and diabetes and dermatological conditions [20].
As a food additive, glucomannan was tested in bakery products, drinks, bread, and
pasta [19,21], but the flour of Amorphophallus konjac was not broadly studied. The flour from
Amorphophallus konjac is considered a functional ingredient [22] containing about 1.4–3.4%
of proteins, 78–80% of fibers, 8% of starch, and 1.7–2.1% of ash content [23–25]. This
flour shows important health benefits in reducing cholesterol and triglycerides, improving
blood sugar levels and promoting intestinal activity and human immune function. These
health benefits potentially contribute to GRD individuals’ health and can be considered a
potential healthy ingredient in gluten-free products [22]. Until now, no study used konjac
flour as a substitute for wheat flour but as a food additive to improve gluten-free bread
characteristics. Nakamura et al. [26] used Amorphophallus konjac flour in concentrations
of 0.25%, 0.50%, and 0.75% as a thickener in gluten-free bread, and Moore et al. [27] used
konjac flour at 1.5% added to 0.9% of xanthan in bread production.
Considering the potential application of Amorphophallus konjac flour and its potential
benefits to individuals suffering from GRD, this study aimed to develop gluten-free bread
with Amorphophallus konjac flour and to evaluate the nutritional and physicochemical
properties of the formulations with different concentrations of the flour.
2. Materials and Methods
This experimental study took place in the Dietetic Laboratory from the University of
Brasilia (Brazil) for bread production. For chemical composition analysis, color, texture,
and specific volume, research was conducted in the Food Analysis laboratory (UnB),
EMBRAPA, and ITAL (Food Technology Institute). All samples were developed and
analyzed in triplicate.
2.1. Bread Preparation
Amorphophallus konjac flour was purchased from a Brazilian pharmaceutical company
(SM pharmaceutical enterprises) in three different lots (lots: 18F13-B022-034221, 18F13-
B022-034226, MW20171011-1750) imported from China in packages of 1000 g each. These
three flours were mixed in the exact amounts to prepare the formulations. The used flours
were composed of 70% glucomannan konjac, according to the labels. They were previously
microbiologically tested (total count of bacteria, mold and yeasts, Escherichia coli, and
Salmonella) and approved by the Brazilian sanitary legislation.
The control gluten-free bread (GFB) was composed of potato starch (30%) and rice
flour (70%) as flour basis, added sucrose (12 g/100 g of control flour basis); salt (3 g/100 g
of control flour basis); water (34.5 g/100 g of control flour basis); soy oil (16.5 g/100 g of
control flour basis); whole egg (29.5 g/100 g of control flour basis); and yeast (1.5 g/100 g
of control flour basis). This formulation was adjusted from the bread formulation studied
by Aguiar [28], and no additives were used. The same ingredients were used in the
modified GFB samples with the addition of konjac flour (Table S1 in Supplementary
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File). For the other samples, Amorphophallus konjac flour was added in the proportion of
12.5%, 25%, 37.5%, and 50% of the flour quantity. According to the literature, konjac flour
presents almost 80% of fibers and only 8% of starch, making it unfeasible to use it above
the maximum percentage applied in this study. Preliminary tests were performed with
percentages superior to 50%, and bread samples presented a strong odor and “taste of
fish”. For the samples added of konjac flour, the amount of sucrose, salt, soy oil, and eggs
was the same as the control sample (considering the weight of the control flour basis). The
amount of water was adjusted due to konjac flour’s fiber content that can absorb 200 times
their weight in water [29]. The amount of water was previously tested (every 5 mL until
a moldable dough was achieved), and the final water amount was determined in each
sample based on the dough’s characteristics. Therefore, in the konjac flour samples, we
used water in a concentration of 131%, 228%, 297%, and 406%, respectively, based on the
weight of the control flour basis. The ingredients besides the konjac flour were purchased
from local stores in the Federal District, Brazil.
After weighing ingredients, the yeast was pre-activated in sucrose and warm water
(38 ◦C) for 10 min. Separately, rice flour, potato starch, konjac flour, and salt were mixed.
Eggs, water, and oil were added to the dry ingredients. Finally, activated fresh biological
yeast was added, and the dough was homogenized. This dough was kneaded and rested
for 50 min, and then, it went through a second kneading and modeling (40 g spheres). We
used a preheated gas oven Brastemp®-Brazil, at 180 ◦C to bake all the samples. On the day
of the analysis, samples were prepared and baked.
The cooking factor for each sample of bread was determined using the formula





Moreover, we calculated the weight loss percentage [31] after baking using the formula:
Weight loss after baking =
Dough (g)× 100
Baked bread (g)− 100 (2)
2.2. Chemical Characterization
The Adolfo Lutz Institute’s analytical standards [32] were used to determine the
moisture by the loss of water by drying, direct drying in the oven at 105 ◦C, followed
by weighing the dry sample until constant weight. The determination of crude protein
was performed using the official Kjeldahl method with adaptations. The samples went
through the stages of digestion of organic matter, the distillation of nitrogen with the
formation of ammonium hydroxide, and titrated directly with HCl 0.1 N. This resulted
in a percentage of nitrogen calculated according to the volume spent on HCl, multiplied
by the general factor of protein following the Association of Official Analytical Chemists
(AOAC 991.22) [33]. The Am 5-04 method was used to determine lipid content, using
the XT15 extractor (Ankom, Macedon, NY, US) from Ankom Technology, carried out by
extraction with petroleum ether, by dragging, under pressure [34]. The ash content of the
dry samples was determined by the incineration residue obtained from heating in a muffle
furnace at 600 ◦C using a heating ramp of 240 min, according to method 945.45 [33]. Total
dietary fiber (TDF) was evaluated by the enzymatic-gravimetric method, which consists of
gelatinization and partial hydrolysis of starch, followed by hydrolysis of part of proteins
and residual starch. Its value is expressed after subtracting the analytical blank (AB) and
the protein and mineral content determined in the residues [33]. The total carbohydrate
content was determined by difference, subtracting from 100 the values found for moisture,
protein content, lipids, ash, and total fibers, according to method 986.25 [33]. According
to the AOAC 2002.02 method and the American Association of Cereal Chemists (AACC
32-40.01) method, the resistant starch content was determined using a commercially test kit
(Megazyme International Ireland Ltd., Wicklow, Ireland).
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2.3. Color Evaluation
The evaluation of the color of the crust, crumb, and bottom of the bread samples
was carried out in a spectrophotometer ColorQuestXE (HunterLab, Reston, VA, USA). We
obtained from the Hunter system the values for the coordinates L* (measurable in terms
of white to black intensity), a* (measurable in terms of intensity from red to green), and
b* (measurable in terms of yellow and blue intensity). It was possible to obtain hue angle
h* (Equation (3)), color saturation or chroma C* (Equation (4)), and color difference ∆E
(Equation (5)) [35–38]. L0, a0 and b0 are the coordinates obtained for the control sample.
h∗ = arctang (b ∗ /a∗) (3)
C∗ =
√
(a ∗2 +b∗2) (4)
∆E =
√
[(L ∗ −L∗0)2 + (a ∗ −a0)2 + (b ∗ −b0)2] (5)
2.4. Texture Analysis
The texture profile (TPA) analysis of the bread samples was performed using the
method 74-09.01—Measurement of Bread Firmness by Universal Testing Machine [39]. The
equipment used was the TA.XTplus connected to the Software Exponent (version 6.1.4.,
Stable Micro System, Surrey, UK) A 36 mm cylindrical probe (Stable Micro System, Surrey,
UK) was used, test speed 1.7 mm/s; deformation level of 40%, trigger load 5 g. This probe
is usually used for bread samples. Bread samples were evaluated after baking and standing
two hours out of the oven for cooling. They were tested as baked in small spheres (balls)
like brioche bread. Data are expressed as the force necessary to deform the product as the
cylindrical probe enters in contact with the bread.
2.5. Specific Volume
Specific volume was measured by the rapeseed displacement method [40] through
the ratio between volume (cm3) and mass (g) of each sample.
2.6. Total Energy Value
The total energy value was reached with the macronutrients from the proximate
composition analysis and the Atwater factors multiplying fats by 9 kcal/g, proteins by
4 kcal/g, and carbohydrates by 4 kcal/g [41]. As mentioned in Section 2.2, carbohydrates
were reached by subtracting from 100 the values found for moisture, protein content, lipids,
ash, and total fibers.
2.7. Statistical Analysis
The results were subjected to one-way ANOVA followed by Tukey’s post hoc test,
with the level of p < 0.05 considered significant. Statistical analyses were performed
using software SPSS-IBM (24.0, IBM, Armonk, NY, USA) All analyses were conducted
in triplicate.
3. Results
3.1. Preparation of Bread Samples and Cooking Quality
Table 1 presents some characteristics of the formulations in the cooking process.
Cooking times and weight losses during baking were different depending on the moisture
of the dough. Table S1 presents the different formulations.
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Table 1. Cooking characteristics of different formulations of gluten-free bread samples.
Percentage of Konjac Flour in Bread Formulations
0 12.5 25 37.5 50
% of cooking weigh loss 17 20 27.70 32.50 32.50
Cooking factor 0.83 0.80 0.72 0.68 0.68
Cooking time (Minutes) 24 24 30 30 33
3.2. Chemical Characterization
Table 2 presents the chemical composition of the different gluten-free bread formula-
tions. All samples were baked simultaneously and taken to the food analysis laboratory
after one hour to start all chemical analysis. Protein content was slightly reduced with
konjac flour increase with the lowest and significant value for the 50% konjac flour bread
(p = 0.008). Lipids reduced 26.1% when comparing the control bread and the 25% konjac,
and 51.3% compared to the 50% konjac. There was a reduction of 38.1% between the control
sample and the 50% konjac sample for carbohydrates. The 50% konjac bread presented
34.5 more times fiber than the control bread for dietary fibers. The total energy value (TEV)
decreased by 61.6% between control and 50% konjac samples.
Table 2. Chemical composition of different formulations of gluten-free bread with and without konjac flour addition on a
wet basis.
Konjac Flour Percentage in Bread Formulations
0 12.5 25 37.5 50
Protein (g/100 g) 5.9 ± 0.37 a 4.94 ± 0.27 b 4.0 ± 0.41 c 3.88 ± 0.16 c 2.95 ± 0.41 d
Lipid (g/100 g) 10.84 ± 0.19 a 8.13 ± 0.14 b 5.59 ± 0.12 c 3.89 ± 0.64 d 3.59 ± 0.09 d
Carbohydrates (g/100 g) 56.70 ± 0.54 a 37.21 ± 0.69 b 30.73 ± 0.27 c 31.81 ± 0.59 c 22.37 ± 0.27 d
Moisture (g/100 g) 23.90 ± 0.28 e 39.98 ± 0.56 d 46.88 ± 0.48 b 43.97 ± 0.42 c 51.54 ± 0.86 a
Ash content (g/100 g) 1.85 ± 0.03 a 1.56 ± 0.01 bcd 1.64 ± 0.04 bcd 1.54 ± 0.08 cd 1.66 ± 0.00 bc
Dietary Fibers (g/100 g) 0.82 ± 0.02 e 8.19 ± 0.01 d 11.16 ± 0.09 c 14.92 ± 0.06 b 17.90 ± 0.32 a
Resistant Starch (g/100 g) 0.64 ± 0.09 c 0.67 ± 0.04 c 0.70 ± 0.02 b 0.75 ± 0.07 a 0.70 ± 0.01 b
Energy value (kcal/100 g) 347.93 ± 1.6 a 241.73 ± 2.8 b 189.19 ± 2.1 c 177.76 ± 3.7 d 133.55 ± 1.8 e
Means followed by the same letter within lines do not differ statistically p > 0.05. All the analysis were performed in triplicate.
3.3. Specific Volume, Firmness and Color
The specific volume (SV) is a measure to verify the dough’s ability to expand and
retain the gas during baking [42]. Table 3 presents the data of the SV and firmness of the
control and konjac samples. A statistically significant difference (p < 0.05) was obtained
for SV from the control and all konjac samples, with a higher volume with the increase of
konjac. However, only 12.5% bread is different from other formulations, demonstrating
that the increase in konjac above 25% did not affect the volume. Konjac flour provided
more significant bread expansion, contributing to its texture. It was impossible to measure
control bread’s firmness in the same conditions as the other bread samples. Control
bread presented a very hard texture after baking since it was only prepared with potato
starch and rice flour and no additives to improve texture. The cylindrical probe did not
penetrate the sample because of its hardness; therefore, the equipment did not provide
reading parameters.
The average values of Chroma-C*, hue angle-h*, and color difference for the different
samples are in Table 4. The chroma is related to the color’s purity, and higher values
indicate more intense colors [43].
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Table 3. Specific volume and texture of bread formulations prepared with different concentrations of konjac flour.
Konjac Flour Percentage in Bread
0 12.5 25 37.5 50
Specific Volume 1.44 ± 0.06 e 1.61 ± 0.06 d 1.96 ± 0.06 b 2.10 ± 0.12 a 2.05 ± 0.10 ab
Firmness (g) * 4505.00 ± 343.97 a 2508.31 ± 40.94 b 1469.53 ± 39.91 c 2334.90 ± 77.05 b
Means followed by the same letter within lines do not differ statistically p > 0.05. * It was not possible to read the control bread due to
its firmness.
Table 4. Mean values of chroma (C*), tone color (h*), and color difference (∆E*) of bread formulations




0 34.39 ± 2.37 a 78.14 ± 2.25 a — **
12.5 33.22 ± 0.29 a 69.65 ± 5.75 d 5.86 ± 3.14 a
25 24.53 ± 0.58 b 70.52 ± 2.65 c 7.17 ± 1.49 a
37.5 23.10 ± 0.70 b 74.43 ± 2.73 b 7.77 ± 0.95 a
50 21.85 ± 0.45 b 73.76 ± 2.78 c 8.54 ± 0.46 a
Crumb color
C* h* ∆E*
0 26.55 ± 0.56 a 85.83 ± 0.24 a — **
12.5 22.37 ± 0.15 b 85.06 ± 0.23 b 5.95 ± 0.44 c
25 16.75 ± 0.86 c 86.03 ± 0.29 a 10.23 ± 0.71 b
37.5 14.12 ± 0.70 d 86.26 ± 0.30 a 13.24 ± 0.60 a
50 14.61 ± 0.51 d 84.76 ± 0.12 b 14.14 ± 0.93 a
Bottom color
C* h* ∆E*
0 32.56 ± 4.10 a 60.35 ± 6.11 a — **
12.5 31.32 ± 2.75 a 60.25 ± 2.95 a 3.88 ± 0.80 b
25 24.84 ± 2.97 ab 56.93 ± 4.59 a 8.86 ± 2.87 ab
37.5 20.41 ± 1.77 b 59.71 ± 1.43 a 11.35 ± 1.92 a
50 20.44 ± 1.16 b 57.46 ± 0.81 a 11.06 ± 1.64 a
Means followed by the same letter within columns do not differ statistically, p > 0.05. All the analysis were
performed in triplicate. ** There is not a ∆E* for the control bread sample.
Analyzing the results of color saturation for the bread crust, the control bread obtained
the highest average value indicating a more intense color. The bread crumb from the control
also obtained the highest average for color saturation, differing statistically (p < 0.05) from
the others. It indicates that as the konjac flour increases, a change in the crumbs’ color also
increased, decreasing the degree of saturation and, consequently, the loss in color purity.
The highest color saturation value was found in the control bread’s crust, and the lowest in
the breadcrumbs 37.5 and 50%.
4. Discussion
Bread is one of the most popular items in the customer’s purchase basket [44], reaching
the worldwide average consumption of 18 kg/year per capita [45,46]. To provide similar
products for GRD individuals who follow a GFD is until now a challenge, mainly in terms
of physicochemical properties. Weight loss when baking is very pronounced in gluten-free
bread due to the absence of gluten’s protein network. Cooking factor expresses the dough’s
ability to retain the water added to it [42].
In our study, the weight loss varied between 17 (control bread) and 32.5% (37.5% and
50% konjac flour bread). Moore et al. [27] using konjac flour at 1.5% showed a weight
cooking loss of 9.20%, lower than our results. Turkut et al. [47] obtained losses from
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14.4% to 15.4%, and Zelada et al. [31] observed a loss ranging from 11.9 to 15.0%, both
lower than our findings. Weight loss during cooking provides information mainly on the
amount of evaporated water. However, it also represents the loss of organic material, such
as fermented sugars released in the form of CO2 [48]. The format in which the konjac
bread was shaped is different from the bread samples in the mentioned studies. Konjac
bread samples were molded into small spheres, and in other studies, they were shaped as
loaves. According to Horstmann, Foschia, and Arendt [48], it is possible that bread samples
with a larger surface area present high cooking loss. Our results point to higher losses as
konjac flour is added to the formulation. However, for the doughs’ shape before baking,
the amount of water added to the formulations was 980% higher than the control bread.
The network formed in these doughs did not allow all the added water to be retained, even
with the high fiber content. It was observed that bread samples with more added water
were kept longer in the oven to present the crunchiest crust. Therefore, longer baking time
led to higher water losses.
The konjac bread samples had lower protein levels than the bread studied by other
authors [28,49]. Wang et al. [50] stated that the incorporation of protein ingredients in
gluten-free doughs could improve the sensory and nutritional quality of gluten-free bread,
in addition to an increase in flavor. The addition of proteins helps in forming a network
similar to gluten in wheat bread [13]. However, in this study, the only variation was the
konjac flour and water content to evaluate the use of a product rich in fiber, forming a
barrier to maintain volume and texture.
The protein content found in 12.5% konjac bread (4.9%) was higher than the other
konjac gluten-free bread samples (Table 2) and slightly higher than the average protein
found in gluten-free bread evaluated by Cornicelli et al. (4.29%, wet basis) [51] and by
Roman, Belorio and Gomez (3.91%, wet basis) [52]. The highest amount of protein in the
12.5% konjac bread could be explained by the lower amount of water necessary to achieve
moldable dough than the other konjac GFB samples (Supplementary File—Table S1), as
confirmed by the higher moisture content in this sample. Roman, Belorio, and Gomez [52]
claim that 81% of commercial gluten-free bread in their study had added proteins and
that even so, the protein content of these bread samples was lower than their gluten-
free counterparts.
Bread samples with 37.5% and 50% konjac had the lowest levels of lipids. When
evaluating the lipid content on formulations based on rice flour, Saueressig, Kaminski, and
Escobar [49] observed that the highest average was 3.80%, similar to bread with a higher
concentration of konjac flour (3.59%) in this study. According to Brandão and Lucena [53],
the fats added to the formulations improve the dough’s quality, increase its extensibility,
and provide the softness of the crumb and a more pleasant flavor. Jamieson, Weir, and
Gougeon [54] observed that industrialized gluten-free products had up to 1.3 times more
fat than their gluten counterparts, significantly increasing the consumption of calories.
The 12.5% and 25% konjac GFB samples presented lipid content of 8.13% and 5.59%,
respectively, similar to the GFB produced by Jamieson, Weir, and Gougeon (6.8%) [54].
All konjac bread samples obtained lower average carbohydrates than studies of bread
with and without gluten by Cornicelli et al. [51]; Jamieson, Weir, and Gougeon [54]; and
Roman, Belorio, and Gomez [52]. According to Jamieson, Weir, and Gougeon [54], gluten-
free products generally have higher sugar content than gluten bread.
A significant difference (p < 0.05) was obtained for the moisture content comparing all
samples. The highest content was for 50% konjac bread, making up for more than half of
the baked bread’s weight, which justifies the lower energy value. Aguiar [28] produced
gluten-free bread with sorghum flour, and the highest value for moisture was 53.24%. The
moisture content of a product influences the choice of packaging, the form of storage,
and its processing [32]. Parry [55] reports that the use of konjac flour in concentrations
of 0.1% to 0.5% influenced the release of moisture in bread, sweets, and bakery products.
Horstmann, Foschia, and Arendt [48] affirm that bread moisture reflects in crumb softness
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after baking. This moisture difference resulted in softer crumbs for the konjac bread
samples, as presented by the texture profile data.
The higher the proportion of konjac flour, the lower the protein content, lipids, and
carbohydrates. Conversely, the total dietary fiber increases, demonstrating that konjac
flour provides 21.8 times more fiber than control bread. According to Parry [55], the fibers
in konjac flour can reach 90% of its composition. This fiber (Glucomannan) has beneficial
properties such as prebiotic action [25], reducing cholesterol, improving blood sugar levels,
and promoting immune function that are essential health benefits to GRD individuals [22].
Regarding fiber, gluten-free bread with konjac obtained better results than those by
Saueressig, Kaminski, and Escobar [49], with soluble (inulin) and insoluble (rice bran)
fibers. In Saueressig, Kaminski, and Escobar study [49], the formulation that contained
the highest percentage of fibers showed an average of 4.88%, lower than our study bread
samples with konjac in which dietary fibers ranged from 8.19% to 17.9%. Thus, according
to Brazilian legislation, bread with konjac can be classified as food with high fiber content
(>6 g/100 g) [56].
The recommendation for daily fiber intake is from 30 to 38 g for men and 21 and 25 g
for women [25], a challenging amount to achieve in a gluten-free diet that features low-
fiber food. The amount of fiber in labels of gluten-free bread by Nascimento et al. [14] and
Lerma et al. [57] was less than the average for the same products with gluten. The average
values in gluten-free bread found by these authors were 0.7% and 3.61%, respectively, with
low values considering the recommendation.
In the preparation of gluten-free bread, corn, rice, and potato starches are often used
to replace wheat flour. However, these products are low in fiber, micronutrients, proteins,
and generally have a higher glycemic index [58]. The glycemic response of carbohydrates
may increase in gluten-free foods because the gluten protein network surrounds the starch
granule, being difficult for amylase action, thus inhibiting its hydrolysis in the lumen of
the small gut [2]. Pellegrini and Agostoni [2] and Foste et al. [16] suggest supplementing
gluten-free bread with soluble fibers so that there is a reduction in the glycemic index in
these bread samples.
Samples with 25%, 37.5%, and 50% konjac had higher resistance starch levels than
control bread. Compared to the results obtained in the analysis of commercial gluten-free
bread performed by Larretxi et al. [59], bread with konjac flour had a low content of
resistant starch. Konjac bread 50% presented 0.70 g/100 g, less than the commercial bread
with 3.6% [59]. Resistant starch has a physiological behavior similar to soluble fiber. Its
positive effects range from the formation of short-chain fatty acids, due to the prebiotic
effect, to the decrease in postprandial glycemia and insulinemia [25].
The energy value ranged between 347 kcal/100 g in control and 133.55 kcal/100 g
in the 50% konjac. The average energy value of gluten-free bread by Cornicelli et al. [51]
and Roman, Belorio, and Gomez [52] is superior to all bread prepared with konjac flour. A
large amount of fiber can explain the low energy value of konjac bread.
The higher was the proportion of konjac flour added to the formulations, the higher
were the average moisture, total dietary fibers, and resistant starch. Inversely to this, smaller
were the averages for proteins, carbohydrates, lipids, and energy value. These results show
that the konjac flour influenced positively the formulations of bread, improving the amount
of micronutrients and fibers. The humidity was higher among the konjac bread samples
favoring the texture; however, the macronutrients’ averages were low due to the increase
of fibers.
The bread samples of Moore et al. [27], using 1.5% konjac flour registered 2.08 cm3/g
of SV, similar to bread samples above 25% konjac flour in this study. Hager and Arendt [60]
obtained values of 1.78 and 1.63 cm3/g in their rice and cornbread, respectively. Sandri
et al. [61] obtained SV between 1.22 and 1.70 cm3/g in their bread based on rice flour.
Djordjevic et al. (2019) obtained a variation between 1.52 to 3.97 cm3/g of bread prepared
with corn flour with added fibers. Zelada et al. [31] obtained results from 2.41 to 2.92 cm3/g
in bread samples of corn and rice flour. However, the bread samples with higher SV were
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not precisely those that presented lower firmness values, as stated by Moore et al. [62] and
Sandri et al. [61], in which there is a direct relationship between low specific volume and
bread hardness. The values found for konjac bread samples are close to the average values
presented in other studies.
Djordjevic et al. [63] report that dietary fibers can interfere with the quality of gluten-
free bread by improving viscosity, texture, volume, sensory characteristics, and shelf
life due to their water-binding ability, gel-forming ability, effects fat mimetics, textural,
and thickeners.
In formulations of gluten-free bread prepared with rice flour, Nakamura et al. [26]
used konjac flour in concentrations of 0.25%, 0.5%, and 0.75% as a thickener. The bread
samples’ SV increased with increasing amounts of konjac from 0.25% to 0.50%, but it
decreased by 0.75%. These authors also observed that konjac significantly reduced the
bread’s hardness resulting in softer bread than those only with rice flour.
Texture can be defined as the mechanical, geometric, and surface attributes of a
perceptible product using instruments and sensory means [64]. The taste of food is the
most observed attribute for its acceptance. However, the texture is the main attribute
considered to reject it. Gluten-free bread is characterized by a low volume, crumbly texture,
and cracked crust [58], making them unattractive. Table 3 shows that 12.5% bread had
the highest average of firmness. According to Giannou and Tzia [65], hardness is the
maximum force necessary to compress food between teeth. Bread with higher konjac
content is softer and probably easier to chew. Turkut et al. [47] observed that bread with
25% quinoa flour obtained the lowest average instrumental hardness. The results of the
instrumental hardness analysis carried out by Arcanjo [66] on his gluten-free rice bread
ranged from 1830.28 g to 4587.56 g. Zelada et al. [31], for their gluten-free bread prepared
with different hydrocolloids, presented values from 1717 g to 3868 g. Gluten-free bread well
evaluated made with fibers from the coffee husk [67] obtained average hardness varying
between 1560.75 g and 5585 g.
According to Foste et al. [16], the structure of the gluten-free dough requires higher
amounts of water that resembles cake dough. Due to the amount of konjac flour, the dough
became consistent, and it was possible to mold it into spheres without difficulty. The bread
samples added konjac flour obtained a more significant water addition in their formulations
and obtained the greatest losses during baking. The losses did not compromise the bread
samples’ specific volume, as an increase of volume was observed as the proportion of
flour increased.
According to Turkut et al. [47], bread color is the result of chemical reactions between
proteins and carbohydrates during the baking process. The Maillard reaction is a way
of darkening food that occurs with these two components, high temperatures and under
ideal pH conditions [68]. During the heating of foods, reducing amino acids and sugars
trigger a complex cascade of reactions that results in the formation of brown substances
called melanoidins that provide a more attractive color to these foods [55]. An insufficient
amount of reducing sugars and low protein content collaborates for pale color that often
occurs in gluten-free bread [69].
When analyzing the results of color saturation for the bread crust, the control bread
obtained the highest average value, indicating a more intense color. The control bread
crumb also obtained the highest average color saturation. This indicates that, as konjac flour
was added to the formulations, the change in the crumb color also increased, decreasing the
degree of saturation and, consequently, the loss in color purity. The highest color saturation
value was found in the crust of the control bread, and the lowest color saturation in the
crumb of the bread 37.5 and 50%.
The results for bread crust tonality in this study corroborate the results found in the
bread studied by Messa et al. [1], which also showed a tendency towards yellow. At the
bottom of the bread, there was no statistical difference for color shade. However, the
bottoms from 25%, 37.5%, and 50% konjac had lower averages indicating a color trend
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towards red. When analyzing the color difference variable in the bread crust, it was
observed that there was no statistical difference between the samples of konjac bread.
5. Conclusions
The weight loss during the baking of the different formulations was lower in the
control bread. The moisture content varied between 23.9% and 51.54%. The ash content
on konjac bread samples is similar to those found in gluten-free bread from other studies.
However, the ash content has increased according to konjac flour addition. It shows that
the flour has contributed to the increase of minerals in the composition of the bread. The
bread samples with konjac flour showed low caloric values and high fiber contents due to
the konjac flour composition.
Additionally, they had lower carbohydrate levels, which can positively influence these
samples’ glycemic index, but more studies are necessary to evaluate it. Considering the
color analysis, the most intense color was obtained in the control bread. As the konjac
flour was added to the formulations, the purity of the color was reduced. Konjac flour
can be a promising alternative in preparing gluten-free bread because it provided dough
mold, growth, and better texture when used in gluten-free bread. The best formulations
were prepared in concentrations of up to 37.5% konjac. The 50% konjac bread showed
low values for macronutrients, but it was observed that its specific volume was slightly
reduced. A limitation of our study is the lack of sensory analysis of the developed bread
samples, and further studies are necessary to evaluate their acceptability by consumers.
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